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FFTF Initial Fuel Loading, Preanalyses, and 
Comparison with Preliminary Results 

RB Rothrock, JW Daughtry, BD Zimmerman, 
NE Petrowicz, RA Bennett, PA Ombrellaro 

The Fast Test Reactor (FTR) is a sodium-cooled, mixed-oxide fueled, 400 MW (Th) 
fast reactor designed for irradiating experimental FBR fuels and materials. 
The reactor is located near Richland, l~ashin.gton, and is operated by the 
Westinghouse Hanford Company for the USDOE. The FTR reached initial criti­
cality on Febru~ry 9, 1980, with 59 fuel assemblies in the core. It was then 
shut down to continue loading additional fuel needed for the startup testing 
configuration. This paper summarizes the fuel loading proces$ and preliminary 
results through initial criticality. The final paper will include a status 
summary of physics tests through mid summer, 1980. 

The arrangement of the principal reactor internal components is shown in Fig­
ure 1. The core is covered during operation by three instrument trees, each 
monitoring coolant outlet c,ond.itions within a one-third sector (trisector) 
of the core. For refueling, these rotate away from the core to allow access 
for three in-vessel handling machines, each of which services one trisector 
and has its own in-vessel storage positions and ex-vessel transfer port. Be­
cause their drivelines pass through the instrument trees, the three control 
rods in any trisector are inoperable (remain inserted) when refueling is in 
progress in that trisector. 

A conventional symmetric fuel loading process from the center out, with control 
' 

rod.withdrawals at intervals to· assess rods-out reactivity is inefficient for 
the FTR because: 

,., . 

l. Fuel transfer equipment.must be repeatedly moved from one ex-reactor transfer 
. port to another in order to service,all three sectors in1 sequence; and 

2. For each withdrawal of all nine control rods, all three in-vessel handling 
machines must be parked, ~he instrument trees rotated over the core, and · 
control rod drivelines connected. 
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2. 

These disadvantages were circumvented by loadtng one trtsector at a time? 

and connecting the control rod driveltnes in each sector after.tt wa~ loaded· 

so that the rods could be operated durtng the loadtng of subsequent trts·ectors. , . . . 

This sequence was interrupted once duri"ng the loadtng of the.ftnal sector, 

to achieve initial criticaltty at an approxtmately mi·nimum crttkal loading 

and to measure absolute s·ubcrtUca Hty by- the rod drop tech.ni que ~ Thes·e mea­

surements were sufficient to monitor subcriticality during the balance of the 

fuel loading without the need for further rod withdrawals· to crtttcal or near-. 

critical conditions. 

To investigate potential problems: with this scheme, measurements had been made 

earlier with neutron counters on configurations of the FTR critical expert~ 

ments in the ANL ZPR-9 faci"lity, destgned to simulate typical asymmetric and 

partially-loaded conditions. 1 ' 2 The general con~lusions from these experiments 

were: 

1. An in-core detector was· preferable to the s·tandard FTR ex .... core detectors · ., 

for monitoring the initial fuel loading, due to its· smaller and inore ac-. 

curately predictable changes in detection efficiency; 

2. With an in-core detector, the core could be loaded s-afety and count rate 

readings interpreted saUsfactori"ly, even for.· the highly asymmetric " · 

sequence of core configurations reached in the trisector loading scheme. 

Consequently, special fission_ chambers w~re installed in an instrument thimble 

near the core center to monttor the initial fuel loadtng.. The thimble ts 

later to be used for a vartety of nuclear .characterizatton meas·uremehts, prior 

to commencing power tes·ti ng. 

., 



Because of the chan~ing detecttbn efficiencies as the core is loaded and ·the 

i'nabtlity· to obtatn count rate data in the most reactive or all-rods-out 

state without th.e expenditure of cons·iderable time for coupling and uncoupling 

~ontrol rod drivelines, extensive preanalyses of the various partially loaded 

conditions ~ere made and the calculated results were used as a guide in inter­

preting the available count rate data. The calculations were made with a two­

dimens·fonal (.mfdplane) multigroup fs·otropfc diffusion theory model, and dif­

ferent s·patially varying buckling models were employed to represent the axial 

1 eakage from th.e (1 argely sodium. filled) unfuel ed regions of the partially 

loaded core. The capabilities and limitations of these techniques were 

establi"s·hed by comparison with the FTR critical experiments. The integration 

of preanalyses, cri'ti'cal experiment results, and neutron counter data from 

the FTR instruments-can be illustrated by the initial withdrawal of all nine 

control rods to achieve criticality. It was desired to go critical at the 

earliest practical s·tage in loading, which meant interrupting the fuel 1 oadi ng 

process· 1n th.e fi'nal trisector before ft was fully loaded to rotate the in­

strument tree, connect the remaining three control rods, and make other time­

cons·uming preparations for cri·ticality. The decision to attempt criticality 

had to be based on count rate data obtained with the three control rods in 

the final trisector inoperable, and fully inserted. Therefore, calculations 

were reli.ed upon to establis·h the nominal core reactivity level-, worth of 

the remaining three inserted control rods, and the impact on relative count 

rates of s·mall deviations from nominal, calculated core behavior. In ad­

dition, rod worth measurements and count rate rat'ios· were available from 

the cri"tical experiments for a partial.ly loaded core very similar to.the 

anticipated critical conditio.n. From these data, a loading of 57 to 58 

fuels appeared to be capable of criticality with all rods out. An additional 

fuel (number 59) was added for 'insurance,'' and the reactor was then critical 

with an equivalent rod bank height estimated as 31 .3 inches (secondary rods) 

out of a total core height of 36 inches . .- A nominal cri·ttcal loading with 

all ·rods· out (36 inches) is estimated as 58, in excellent agreement 

with earlier estimates3 which placed the critical .loading at 58 fuels. 

Other comparisons can be made between the experimental inverse count rate 

history, as a function of fuel inventory, and the precalculated values; as 

shown in Figure 2, and between the calculated worth of $5.48 and measured 

worth of $5.49 .:!:. 0.06 for the primary control rod us·ed in the rod drop 

measurement during the initial approach to critical. 

3. 
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Relatively few measurements were made at the initial critical loading, and 
they are less important to future operation than those to be made with a 
fully loaded core. However, the results of the FTR initial criticality 

, 

are generally in good agreement with the calculations, showing that the 
analytical techniques originally developed for the analysis of fully loaded 
cores can be used with minor adjustments. · 
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